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Abstract The management of tibial non-union is chal-
lenging with protracted, often arduous, treatments. The
purpose of this study was to assess patient-reported out-
comes following treatment of tibial non-union in circular
external fixators. Twenty-one patients with tibial non-
unions who successfully completed treatment at a mean of
10.1 months (range 6–20) in a circular external fixator
were sent questionnaires utilising the Enneking scoring
system and Euroqol EQ-5D. There were 14 responses. The
mean Enneking score was 58.0 % (34.3–77.1). Two
patients were enthusiastic about their treatment, while three
accepted but would not repeat the treatment. The Euroqol
questionnaire found that 8 patients had difficulty with
mobility, 10 had difficulty with usual activities and 12 had
moderate pain. There was no statistically significant dif-
ference in the EQ VAS score of overall health state for
treated patients compared with predicted scores for an age-
and sex-matched UK population (77.7 vs 83.1, p = 0.07).
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Introduction
The majority of tibial fractures go on to uneventful union.
Non-unions are reported in 6.95 % in one series [1]. The
precise definition of non-union is difficult, and arbitrary
time limits of 9 months from injury or 3 months without
radiographic progression of healing have been proposed
[2]. A more practical definition is a fracture that has failed
to heal within the expected time, given the individual
fracture characteristics.
The aetiology of non-union includes factors relating to
the patient, the injury pattern and previous interventions.
Successful treatment requires each of these areas to be
addressed. In fractures involving severe bone and soft tis-
sue injury, bone loss or significant deformity, the use of
circular fine wire fixators is an important part of the sur-
gical armamentarium. They allow concomitant correction
of deformity and bone loss with resolution of non-union
while minimising soft tissue disruption. In a series of tibial
non-unions, including those with significant bone loss,
union was achieved in 93 % with the use of circular fix-
ators [3].
The excellent potential surgical outcomes that can be
achieved with circular fixators must be offset against per-
sonal cost to the patient. Treatment is often prolonged with
a substantial amount of time spent in a cumbersome, at
times painful, frame. Problems can arise due to pin-site
infection and soft tissue tethering. This has a negative
impact on both work and home life.
The purpose of this study was to obtain patient-reported
outcomes in patients with tibial non-unions who were
successfully treated with circular fixators.
Materials and methods
From a prospective database at our institution, we identi-
fied twenty-one patients who had undergone limb recon-
struction for tibial non-union using a circular frame. The
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patients were treated by the senior author and have the
same support from clinicians and peers through attendance
at the same weekly dedicated physiotherapy class.
Each patient was sent a postal questionnaire based on
the Enneking scoring system and the Euroqol EQ5D out-
come score. Enneking described a scoring system for use in
patients undergoing limb salvage surgery for bone tumours
[4]. The score consists of subjective reporting of pain,
function, gait and impairment together with an evaluation
of the patient’s attitudes and emotional acceptance of their
treatment. A percentage score is calculated on the sum of
the scores for each question divided by the maximum
possible score. Given that limb reconstruction surgery can
involve prolonged complicated treatment similar in inten-
sity to oncological limb salvage, its parallel use in
assessing the management of complex trauma is endorsed
in the current BOA/BAPRAS guidelines on open tibial
fractures [5].
The euroqol questionnaire is a general health question-
naire that has been validated for the UK population [6]. It
assesses pain, mobility, self-care, anxiety and ability to
perform usual activities. In addition, a visual analogue
scale (VAS) is used to quantify the patients’ own assess-
ment of their current health state, with 0 the worst possible
and 100 the best possible health. Age and sex means for the
VAS have been published [7], which allow the calculation
of a z-score defined as the expected score by age and sex
subtracted from the patients score and divided by the
population standard deviation.
The radiographs of all patients were reviewed to detail
the initial injury which was classified using the AO system.
The operative details and time in frame were also noted.
Results
Replies were received from 14 patients with a mean age of
48.2 years (21–67 years). There were 3 females. The
commonest original fracture pattern was 42-B, affecting 5
fractures, with three 42-A- and three 42-C-type fractures,
and two 41-C- and one 43-A-pattern fractures. Four patients
were smokers at the time of referral. Six fractures were
complicated by infection. All fourteen cases went on to
achieve union. The mean time in a frame was 10.1 months
(4–20 months). Figures (Supplementary material Figs. 1, 2,
3) illustrate the treatment of a patient with an infected non-
union and Figures (Supplementary material Figs. 4, 5, 6)
the treatment of an aseptic non-union.
Complications during treatment included four patients
with pin-site infections, which were managed with antibi-
otics. In addition, there were two cases of premature con-
solidation of regeneration, necessitating a repeat
osteotomy.
The Enneking score ranged from 34.3 to 77.1 % with a
mean of 58 %. In terms of emotional acceptance of the
treatment, two patients reported being enthused by their
treatment, 4 intermediate between enthused and satisfied, 4
satisfied, 3 intermediate between satisfied and accepting,
and one accepting of the treatment. Three patients stated
they would not go through the same treatment again.
The Euroqol questionnaire results showed that 8 patients
had some difficulty with mobility, 10 had some difficulty
with usual activities, and 12 reported moderate pain.
The overall mean score on the VAS of general health
state was 77.1 (48–90), and the mean predicted for an age-
and sex-matched UK population was 83.1 (70.7–87.3).
There was no statistically significant difference between
the two groups. In six patients, the reported score was in
fact higher than the predicted score, and all but three fell
within one standard deviation of the predicted score.
Comparing the infected and aseptic non-union groups,
there was no significant difference in time in frame or the
Euroqol VAS z-score. There was a statistically significant
difference in the Enneking score between the aseptic (mean
65.3, range 45.7–77.1) and infected (mean 48.1, range
34.3–65.7) groups (p = 0.013, independent t test).
Discussion
Successful treatment of tibial non-union can be achieved in
a variety of ways. The method chosen will depend on
injury factors, previous treatments, the presence of infec-
tion, bone loss and limb alignment; these are considered
with the acceptability of the proposed treatment strategy to
the patient.
In fractures complicated by infection, significant bone
loss or malalignment, the use of circular frames allows all
these to be addressed concurrently while treating the non-
union. Mahaluxmivala et al. treated 18 non-unions,
including 10 infected cases, with a circular frame. All
patients went on to achieve union. Six patients underwent
bone transport for bone loss, five of whom required addi-
tional bone grafting [8]. Hosny et al. [9] used circular
frames and a compression–distraction technique to treat
eleven infected non-unions; eight patients achieved a good
or excellent result. Dujardyn et al. [10] reported union in 27
of 28 patients managed with an Ilizarov frame and partial
fibulectomy; they found smoking adversely affected heal-
ing time. In their paper, Brinker et al. [11] treated patients
over 60 years of age with circular frame, achieving union
in all 20 patients who completed treatment, with an
improvement in quality of life equivalent to 5.3 quality-
adjusted years. Rozbruch et al. treated 38 non-unions with
a Taylor Spatial Frame achieving union in 27 patients; the
remaining eleven required further procedures including 2
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amputations. Good or excellent functional results were
reported in 34 patients [12].
Despite the good clinical outcomes that can be achieved,
living with a frame can result in significant morbidity. Four
of fourteen patients in this report had problems with
infected pin sites. Foster et al. [13] in their paper reported a
23 % rate of pin-site infection in 40 complex tibial frac-
tures treated with a circular frame. Saw et al. [14] reported
a 6 % rate of pin-site infection with increased rates in half
pins and distally sited wires. Other complications of cir-
cular frames include pain, soft tissue tethering and heel
cord tightness. Garcia-Cimbrelo et al. [3] reported heel
cord tightness requiring Achilles tendon lengthening in 11
from 82 patients undergoing treatment of tibial non-union
with increased rates in those having concomitant treatment
of bone defects.
The psychosocial effects of living with a circular
external fixator are difficult to quantify although living
with a frame undoubtedly affects all aspects of a patient’s
life. In a study of adolescents treated with circular frames,
Martin et al. [15] found that patients reported living with a
frame to be better than anticipated and emphasised the
importance of peer support.
Our study is a small retrospective review of a single-
surgeon series of patients with the inherent limitations of
such a study. We achieved a good response rate from our
group of patients. We intentionally used scoring systems
that allowed patients to make subjective assessments of
their treatment but acknowledge a potential bias in patients
who have undergone successful treatment.
There is an increasing emphasis within orthopaedics on
the use of patient-reported outcome scores. We found the
Enneking scoring system to be relevant to our population
of patients and would recommend the use of such a scoring
system in limb reconstruction. We found that all patients
were accepting their treatment with a small number
enthused by it, all but three would not go through the same
treatment again. Despite the fact that most patients expe-
rienced a varying degree of pain and limitation in daily
activities, we found no difference in overall health state
compared with an age- and sex-matched UK population.
Circular frames are undoubtedly a valuable tool in the
treatment of tibial non-union, particularly those compli-
cated by malalignment, infection or bone loss. The expe-
rience can be arduous for the patient, and effective pre-
operative counselling regarding the experience of living in
a frame and the likely clinical outcome are essential to
allow patients to make informed decisions. Using patient-
reported outcomes in pre-operative discussions, surgeons
can help to quantify anticipated outcomes following
treatment and facilitate the decision-making process for
their patients.
Conflict of interest The authors have no conflict of interest.
Ethical standard This work meets the appropriate UK ethical
standards according to the National Patient Safety Agency.
Open Access This article is distributed under the terms of the
Creative Commons Attribution License which permits any use, dis-
tribution, and reproduction in any medium, provided the original
author(s) and the source are credited.
References
1. Phieffer LS, Goulet JA (2006) Delayed unions of the tibia. J Bone
Joint Surg Am 88:205–216
2. Goulet JA, Templeman D (1997) Delayed union and nonunion of
tibial shaft fractures. Instr Course Lect 46:281–291
3. Garcı´a-Cimbrelo E, Martı´-Gonza´lez JC (2004) Circular external
fixation in tibial nonunions. Clin Orthop Relat Res 419:65–70
4. Enneking WF, Dunham W, Gebhardt MC, Malawar M, Pritchard
DJ (1993) A system for the functional evaluation of reconstruc-
tive procedures after surgical treatment of tumors of the muscu-
loskeletal system. Clin Orthop Relat Res 286:241–246
5. Standards for the management of open fractures of the lower
limb. BOA/BAPRAS guidelines (2009)
6. Macran S, Weatherly H, Kind P (2003) Measuring population
health: a comparison of three generic health status measures. Med
Care 41(2):218–231
7. Kind P, Hardman G, Macran S (1999) UK population norms for
EQ-5D. York Centre for health economics discussion paper 172
8. Mahaluxmivala J, Nadarajah R, Allen PW, Hill RA (2005) Il-
izarov external fixator: acute shortening and lengthening versus
bone transport in the management of tibial non-unions. Injury
36(5):662–668
9. Hosny G, Shawky MS (1998) The treatment of infected non-
union of the tibia by compression–distraction techniques using
the Ilizarov external fixator. Int Orthop 22(5):298–302
10. Dujardyn J, Lammens J (2007) Treatment of delayed union or
non-union of the tibial shaft with partial fibulectomy and an Il-
izarov frame. Acta Orthop Belg 73(5):630–634
11. Brinker MR, O’Connor DP (2007) Outcomes of tibial nonunion
in older adults following treatment using the Ilizarov method.
J Orthop Trauma 21(9):634–642
12. Rozbruch SR, Pugsley JS, Fragomen AT, Ilizarov S (2008)
Repair of tibial nonunions and bone defects with the Taylor
Spatial Frame. J Orthop Trauma 22(2):88–95
13. Foster PA, Barton SB, Jones SC, Morrison RJ, Britten S (2012)
The treatment of complex tibial shaft fractures by the Ilizarov
method. J Bone Joint Surg Br 12:1678–1683. doi:10.1302/0301-
620X.94B12.29266
14. Saw A, Chua YP, Hossain G, Sengupta S (2012) Rates of pin site
infection during distraction osteogenesis based on monthly
observations: a pilot study. J Orthop Surg (Hong Kong) 20(2):
181–184
15. Martin L, Farrell M, Lambrenos K, Nayagam D (2003) Living
with the Ilizarov frame: adolescent perceptions. J Adv Nurs
43(5):478–487
Strat Traum Limb Recon (2014) 9:33–35 35
123
